The biochemical compositions of five commercial marine fish species (Chloroscombus chrysurus, Pseudotolithus senegalensis, Sardinella aurita, Scombus japonicus and Syacium micurum) landed at the Elmina landing quay were analyzed using standard analytical techniques. The results indicate significant differences among the biochemical compositions of the five fish species studied. Moisture content ranged from 72.36% in S. japonicus (chub mackerel) to 79.06% in S. micurum (the sole fish). The least protein content (16.71%) was observed in S. micurum and the highest of 22.53% in S. japonicus. The fat content was highest for S. japonicus (15.27%) and lowest for S. micurum (3.10%). In all the five fish species studied, calcium content was highest, followed by phosphorus and iron content was the least. P. senegalensis (cassava fish), however, had higher phosphorus than calcium content. S. micurum is therefore recommended for people with over-weight (obesity) problem.
INTRODUCTION
Fish is a first class protein source that contains all the essential amino acids in their right proportion, other nitrogenous compounds, water, lipids, carbohydrates (as glycogen), minerals and vitamins. Fish diet has high commercial and medicinal values (Nunes et al., 1992) .
The five fish species studied (C. chrysurus, P. senegalensis, S. aurita, S. japonicus and S. micurum) are among the most popular food fishes landed at the Elmina harbour. Thus even though they are widely eaten, their food values are not known. Knowing the nutritional status of fish species usually eaten by the people could contribute to remedying problems of malnourishment and obesity. The objective of this study was to determine the biochemical composition of the five marine fish species. The components investigated were moisture, protein, fat, ash, carbohydrates, calcium, iron and phosphorus.
MATERIALS AND METHODS

Study area
The 
Collection and preservation of fish samples
Fresh samples of the five fish species were obtained from the Elmina fish landing quay. Each species was placed in a labelled, transparent polyethylene bag, and put on ice in an ice chest, and sent to the Food Research Institute Accra for analysis.
Sample preparation and analysis
The frozen fish samples were removed from the chest and allowed to thaw. The head, tail, fins, viscera and skin of each fish were removed. The fillet was scrapped with a knife into a mortar and mashed until a uniform mixture was produced. The mixture was stored in a refrigerator, and later divided into two portions. One portion was used for the determination of proximate analysis and was oven-dried at 50 °C overnight and used for percentage protein, fat and ash (i.e. analysis of proximate composition and mineral content, based on AOAC (1990)). The ash content was then used for the determination of calcium, iron and phosphorus contents.
The portion for moisture determination was placed in a Gallenkamp oven at 105 °C overnight to obtain a constant weight. It was removed and allowed to cool in a desiccator and weighed. The difference between the wet and dry weights gave the moisture content. Protein content was determined by estimating the total nitrogen using the macro-Kjeldahl method (AOAC, 1990) and multiplying the value by 6.25. Fat was extracted by the continuous Soxhlet extraction method (AOAC, 1990) , while the ash content was determined by igniting 5 g of the dry meat to ash in a muffle furnace at 550 °C. Carbohydrate was obtained by the subtraction of protein, fat and ash values from 100.
The concentrations of three major minerals (calcium, iron and phosphorus) in the 5 fish species were determined by the methods outlined by Eyeson and Ankrah (1975) .
RESULTS
Moisture and nutritional contents
The results (Table 1) indicate that with the exception of the ash content, the variations in the proximate contents of the five fish species were significant (p<0.05). The mean moisture content, which was the highest, ranged from 72.36% in S. japonicus to 79.06% in S. micurum. Mean percentage protein content of the five fish species was lowest in S. micurum (16.71%). The Atlantic bumber (C. chrysurus) had 18.92%, P. senegalensis (19.51%), S. aurita (20.60%) and the S. japonicus had the highest mean protein content of 22.53%. Mean percentage fat contents of the five fish species were generally low, with S. japonicus showing the highest (15.27%), followed by S. aurita with 9.00%, P. senegalensis had 7.45%, the Atlantic bumber (C. chrysurus) (5.30%) and S. micurum had the least mean fat content of 3.10%.
Of the proximate mean components, ash was the lowest, ranging from 1.36% in the chub mackerel to 1.72% in the round sardine. The variations in the mean ash content of the five fish species were not significant (p>0 05).
Carbohydrate contents were generally high for all the five fish species. The least mean percent content of 60.84% was recorded in S. japonicus. S. aurita had 68.66%, P. senegalensis 71.65%, C. chrysurus 74.20% and S. micurum had the highest (78.73%).
Mineral content
The results in table 2 indicate significantly (p<0.05) wide variations in the mean percentage mineral contents of the five fish species studied. With the exception of only one of the species (i.e. P. senegalensis), calcium content was highest, followed by phosphorus content and iron content in descending order.
DISCUSSION
The biochemical composition of fish varies from one species to another, depending on a number of factors including age, fishing grounds, fishing season, sex of the fish, feed intake and migratory swimming (Lall, 1994) . Therefore the results obtained must be interpreted with caution. Nonetheless, fish and fishery products contain water, protein, fat, ash, carbohydrates, minerals and vitamins (Nunes et al., 1992; Lall, 1994) ; and according to FAO (1986) , the five usual constituents measured for compositional analysis of fish are moisture, protein, fat, ash and carbohydrate which is obtained by subtraction according to the AOAC (1990) method.
The higher moisture content of all the five fish species (than other constituents) supports the fact that water is the main constituent of fishes and accounts for between 70 and 80% of the weight of the fish (Tenny et al., 1984) . The values obtained in this research fall within the range quoted above by these authors for fishes. Ogunlade et al. (2005) reported that the moisture content of the muscle of fin fishes varied between 70 and 75%. It is interesting to note that three of the moisture values obtained in the current study fall within this range, and the remaining two are not significantly greater than the upper limit of the range in question. The percentages of protein content recorded for the five fish species also lie within the ranges quoted for seafood, including fin fishes, elsewhere. According to Sidwel (1981) , the crude protein of seafood is between 8 and 25%, while that of finfish muscle tissues ranges from 18 to 22%. Fish protein, like most animal food, has excellent nutritive value because it has all the essential amino acids required by the human body (Love, 1980; Jhaveri et al., 1984; Nettleton, 1985; Pigott and Tucker, 1990; Huss, 1995; Clucas and Ward, 1996; Insel et al., 1998) . The current finding on protein content suggests that each of the five fish species could be recommended as a source of first class protein especially to people suffering from protein energy malnutrition (Wardlaw et al., 1994) .
The low fat content of four of the five species could be due to high level of activity (e.g. swimming) which might have utilized the fat as a source of energy (Wardlaw et al., 1994) . Ackman (1989) categorized fish species into lean (species that store energy in the liver) or fatty (species that store lipids in fat depots throughout the body). According to them, the white muscle of cod (typical lean fish) contains less than 1% lipids of which phospholipids (structural lipids in cell membranes) make about 90%. Lall (1994) reported that the fatty fish species include the pelagic ones such as mackerels tunas and sardines, while the lean fish species are the bottom-dwelling ones such as the soles and the rays. Thus the low (least of all the five) fat content recorded for the sole, a bottomdweller, corroborates this author's finding. Lall (1994) also stated that the main difference between fish fat and mammalian one is that, fish lipids are highly unsaturated, while that of mammals is saturated, making the latter not suitable for human consumption. The low fat content suggests that these fish species could be recommended for people with problem of obesity. Another advantage of fish fat is the presence of omega-3-oil in it. This oil is a good source of vitamin A which is good for sustaining good eye-sight.
The lower carbohydrate content of S. japonicus (i.e. the least of all) suggests a higher metabolic rate of that species.
The minerals (calcium, iron and phosphorus) studied in the current research are among the major mineral elements contributing to the proper functioning of the human body, hence they are considered important dietary elements (Pye, 1986) . The high concentrations of calcium and phosphorus compare favourably with those of dry skim milk and calf's brain that are recommended as good sources of calcium and phosphorus, respectively. The five fish species examined in this study could therefore be recommended as good sources of these two minerals.
In view of their first class protein contents, moderate and unsaturated fat contents moderate carbohydrate, coupled with the high mineral contents, of the five fish species studied, it may be concluded that all the five species are of high nutritional value and could be recommended for human consumption.
